Our purpose was to challenge the heat hypothesis by assaying the nature of heat loads on reproducing bobwhites in the semiarid subtropics (southern Texas). If thermal conditions in breeding areas are sufficiently mild to favor reproduction, regardless of precipitation, then the 111 heat hypothesis lacks merit. Conversely, if thermal conditions are severe enough to inhibit reproduction, then the heat hypothesis bears further study. We determined daily and seasonal temperature dynamics on 3 study areas selected for variation in thermal intensity. We also indexed the possible breeding response to thermal conditions with call-counts of bobwhite males.
STUDY AREAS AND METHODS
We selected study sites in Willacy (El Sauz), Starr (El Panal), and Webb counties (Callaghan), Texas, in the Rio Grande Plains. Study sites were about 1, 105, and 167 km (shortest straight-line distance) from the temperaturemoderating effects of the Gulf of Mexico. These distances were associated with August mean maximum daily temperatures of 33.9, 36.7, and 37.2?C (Larkin and Bomar 1983). Average annual precipitation was approximately 69, 58, and 56 cm. Thus, expected thermal intensity increased with distance from the Gulf of Mexico.
On each study area we established 3 temperature sampling grids, one each in grassland, low-coverage brushland (10-15% canopy coverage), and high coverage brushland (>25% canopy coverage). We were not interested in the effects of these cover types on heat loads; rather, we wanted to obtain information on the range of thermal loadings that characterized the nesting environment of bobwhites. Each sampling grid consisted of 9 points in a 3 x 3 configuration (25 m between points). Our goal was to sample each grid twice monthly during MayAugust 1997-98. Sampling began near 0700 and was repeated at 2-to 2.5-hr intervals for a total of 5 sampling periods/day (3 grids x 9 points/ grid x 5 samples/day = 135 point-samples/day on a particular study area). Data gathered at each point-sample included soil surface and air temperature at 15 cm aboveground (?C, handheld digital thermometer), light intensity (lux, hand-held light meter), and wind speed (m/sec, hand-held anemometer). Light intensity and wind speed were sampled at 15 cm aboveground. Sampling revealed little variation and low values for wind speed at this level, so we quit measuring this variable to save time and assumed a wind speed of 1 m/sec in estimating operative temperature. For analytical comparisons between years and among study areas, we used data collected during Julian day 145-220 (25 May-8 Aug). This resulted in a sample of 5-6 series of measurements/study area/year with data well distributed (and hence, comparable) through the period.
We estimated operative temperature ( Thus, we took Te = 39?C as an index of the temperature that imposes thermal stress (hyperthermia) on bobwhites; we recognize that any such index is subject to variation among individuals.
We used the landmark temperature to estimate the percentage of points in habitat spacetime (Guthery 1997) that were thermally tolerable (<390C). Space-time implies sampling in space through time. This percentage does not contain information on the intensity of heat loads. Therefore, we found the maximum of mean values for a grid on a Julian day and used the mean of these maximums over 3 grids as an index of thermal intensity. For example, a grid had 9 sample points from which a mean for each of 5 sample periods was calculated. The maximum of these 5 means was determined for each grid. The mean of the 3 maxima (1 from each grid) served as our index of thermal intensity on a Julian day.
We used 1998 data from the El Panal study site to examine the sensitivity of the percentage We established 16-km, 11-stop routes (1.6 km between stops) to index the abundance and calling intensity of bobwhites on each study area. Routes had the same starting and ending points each time they were run. Counts were replicated >7 times/study area/year during the period 15 May-10 July (1 study area was replicated 8 times in 1 yr). Counts began 0.5 hr after sunrise and ended before 1000 hr. We listened for 5 min at each stop and recorded the number of calls and the estimated number of calling males. We analyzed the number of calling males per route with simple descriptive statistics.
RESULTS

Area and Year Effects
Trends in thermally tolerable space-time and thermal intensity were similar between years on the study area nearest the Gulf of Mexico (Fig.  lES) . The average percentage of thermally tolerable space-time during 25 May-8 August was 59.6 ? 2.84% (1997; * ? SE) and 62.7 ? 6.99% (1998); the average thermal intensity indices were 43.1 ? 0.47 and 42.7 ? 1.37?C. Conversely, the thermal environment was more severe on inland study areas in 1998 than in 1997. Monthly quantities of thermally tolerable space-time were higher during all sampling dates in 1997 than in 1998 and this same general pattern fit the thermal intensity index with 1 exception (Fig. 1ES, 1CA 
Comparative Dynamics of Air, Ground, and Operative Temperatures
The comparative dynamics of air, ground, and operative temperatures were analyzed for 8 July 1998 on the Callaghan area (167 km from Gulf of Mexico). This day was particularly intense thermally. Early in the day (0800 hr) the 3 temperatures were similar (Fig. 2) . By about 1030 hr, ground and operative temperatures started to diverge from air temperature by increasing at a faster rate. Air temperature exceeded the body temperature of quail (41.5?C) from about 1300 through 1630 hr; during this period, any breezes would have added to rather than subtracted from thermal stress. In other words, breezes increase body temperature when air temperature exceeds body temperature. Ground and operative temperatures diverged at about 1300. When ground temperature was below body temperature, the operative temperature experienced by quail was lower than that estimated. This occurred because the ground served as a sump for longwave radiation emitted by quail. Conversely, when ground temperature exceeded body temperature, the ground served as a source of longwave radiation and operative temperature was underestimated.
The dynamics of operative temperature on sampling grids were associated with a thresholdlike collapse of thermally tolerable space-time starting shortly after 1100 hr (Fig. 3) . All space 
Landmark Temperature Assumption
On cool days, the estimated percentage of space-time that was thermally tolerable increased at a rate of 10.7 ? 1.13% for each 1?C increase in the landmark temperature (Fig. 4) . The rate of increase was 5.1 ? 0.36% on hot days. Thus, the percentage of thermally tolerable space-time was more sensitive to the temperature assumption on cool days than on hot days. Biologically, however, the assumption was less critical on cool days than on hot days. On cool days, the availability of thermally tolerable space-time was high and on hot days it was low, regardless of the assumed landmark temperature (Fig. 4) . These results imply that our interpretations would have changed slightly had we assumed a landmark temperature of, say, 40?C, which is known to be lethal (Case and Robel 1974).
Activity of Calling Males
The mean number of males heard calling on 16-km routes collapsed on all study areas between 1997 and 1998 (Fig. 5) vironment, as indexed, was similar between years ( Fig. 1ES ) and calling activity declined by 79.3% (Fig. 5) . The thermal environment was actually less severe on the coastal area in 1997 than in 1998; for example, the thermal intensity index was 44.1?C in mid-June 1997 and 47.2?C at the same time in 1998. Our sampling schedule failed to demonstrate thermal differences that were present between years on the coastal site. On the inland sites, however, an increase in the severity of the thermal environment (Fig.  lEP, 1CA ) was associated with an 82.9-97.1% decline in calling activity (Fig. 5) . We cannot rule out the possibility that differences in calling activity between years ( We recorded extended periods within days (Fig. 3) and within the breeding season over extensive areas (Fig. 1) The heat hypothesis is consistent with the observation that precipitation is predictive of reproductive vigor for quail in the semiarid subtropics. Precipitation would result in increased vegetation cover, moist soil, and evapotranspiration, all of which would ameliorate the thermal environment.
MANAGEMENT IMPLICATIONS
We did not set out to derive management implications from this study; rather, we set out to understand. Understanding leads to management implications, because man masters nature by understanding, not by management force (Bronowski 1965:10).
The heat hypothesis remains provisional. We have demonstrated that it is plausible in some portions of the semiarid subtropics, because the thermal environment may be intense enough during the breeding season to inhibit reproductive function. Further challenges to the hypothesis could involve more detailed analysis of thermal conditions available during the breeding season relative to the behavior of individuals and populations. A useful study would be to determine the thermal environment of successful nests, as Land (1999) has done for nongame birds in southern Texas. Controlled, laboratory studies of bobwhite egg-laying in response to artificial thermal regimes would assist biologists in interpreting field data. Biologists also need to understand the response of reproducing quail to acute versus chronic exposure to high heat loads. Could, for example, a few excessively hot days in an otherwise cool breeding season suppress reproduction for a longer period? A 3-day exposure to intense heat (35?C) resulted in an 8-week suppression of egg-laying performance in domestic poultry (Tanor et al. 1984) . Acute exposure to high heat loads might explain our ambiguous results on the coastal study area; i.e., the average thermal environment was similar between years (Fig. lES) 
